Recent reports have drawn attention to the uranium contamination arising from 2 coal mining activities in the Yili region of Xinjiang, China due to the mixed 3 distribution of uranium and coal mines, and some of the coal mines being associated 4 with a high uranium content. In this study, we have collected water samples, solid 5 samples such as soil, mud, coal, and coal ash, and hair and urine samples from local 6 populations in order to evaluate the uranium level in this environment and its 7 implications for humans in this high uranium coal mining area. Our results showed 8 that uranium concentrations were 8.71-10.91 µg L -1 in underground water, whereas 9 lower levels of uranium occurred in river water. Among the solid samples, coal ash 10 contained fairly high concentrations of uranium (33.1 µg g -1 ) due to enrichment from 11 coal burning. In addition, uranium levels in the other solid samples were around 2.8 12 µg g -1 (the Earth's average background value). Uranium concentrations in hair and 13 urine samples were 22.2-634.5 ng g -1 (mean: 156.2 ng g -1 ) and 8.44-761.6 ng L -1 14 (mean: 202.6 ng L -1 ), respectively, which are significantly higher than reference 15 values reported for unexposed subjects in other areas. Therefore, these results indicate 16 that people living in this coal mining area have been subjected to uranium exposure 17 for long periods of time. 18
{ PAGE \* MERGEFORMAT } uranium since the amount excreted per day via urine is related to the total level of 65 uranium in the body (Hoellriegl et al., 2011) . In order to make an assessment on an 66 individual's possible exposure, knowledge of background uranium levels is 67 indispensable. However, background levels vary from one person to another and also 68 change greatly over different time scales (Mohagheghi et al., 2005) . Levels of natural 69 background uranium in the urine of unexposed subjects have been reported for 70 different regions and population groups and may reflect variable intakes of uranium 71 through food and beverages (Dang et al., 1992; Heitland and Koster, 2006) . The 72 average concentration of uranium in urine for major parts of the world is about 10 ng 73 L -1 in non-exposed subjects ranging from a few ng L -1 to hundreds of ng L -1 (WHO, hair can reflect the total body intake over an extended period much longer than urine 78 and faeces (Sela et al., 2007) . The uranium concentration in hair also greatly varies 79 among unexposed persons. For example, hair samples of 67 Japanese males and 81 80 females showed ranges of 5-390 ng g -1 and 8.2-1280 ng g -1 , with means of 38 -1 ng g 81 and 51 ng g -1 , respectively (Imahori et al., 1979) . The uranium content in different 82 lengths of a single hair also changes. The concentration in a single hair declined from 83 212 to 18 ng g -1 due to a decrease in uranium concentration in drinking water (Sela et 84 al., 2007) . 85 The purpose of this study was to test and assess uranium levels in hair and urine { PAGE \* MERGEFORMAT } of the people living in a coal mining area in Yili, Xinjiang, China, who were likely to 87 have been exposed to uranium above background levels. Uranium concentrations in 88 water samples (groundwater, river water) and solid samples (soil, mud, coal and coal 89 ash) were also monitored in an aid to interpret uranium exposure sources for the study 90 subjects in the target area. Inductively coupled plasma mass spectrometry (ICP-MS) 91 was used for the measurement of uranium due to its high sensitivity, high precision, 92 and high sample throughput (Allain et al., 1991; Haldimann et al., 2001; Oeh et al., 93 2007 and other reasons. Some parameters of the volunteers are listed in Table 1 .
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The urine and hair samples were collected 4-5th April, 2015. The volunteers were 102 provided with 50 ml polyethylene bottles for urine samples and given instructions on 103 how to collect it without contamination. Urine samples were acidified on-site with 5 104 ml HCI (20%) per liter to prevent decomposition. The containers were returned to the 105 laboratory after 12h and stored frozen at -20℃ until analysis. Hair samples were 106 collected from the scalp using stainless steel scissors. Then hair samples were stored 107 in 8×10 cm sealed plastic bags to avoid any contamination prior to the analysis in lab.
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In addition, two groundwater samples (1 # from a well and 2 # from a worker's home), 109 and two river water samples were collected using 1.0 liter plastic containers. Two mud 110 samples from a dry river inside the coal mining area were collected using 15×20 cm 111 plastic bags. Two soil samples (1 # from a forest, 2 # from a garden orchard) were 112 collected using clean woven bags. One coal ash sample was collected outside a tubes with deionized water prior to measurement. The detection limit (DL) was 0.032 137 ng g -1 . 1 ml of each urine sample was added to 0.5 ml of 16 M nitric acid, and then 138 diluted to 10 ml with deionized water. Samples were centrifuged at 8000 rpm for 10 { PAGE \* MERGEFORMAT } min before analysis of the supernatant. The detection limit (DL) was 8.91 ng L -1 . The 140 DL was calculated using Bessel formulae as following: DL=k· s1 [DL=detection limit, 141 s1=standard deviation (9-12 times testing of blank samples), k=2 or 3] (Bowman F, 142 2010). In our study, k and s1 were 3 and 11 separately. Table 2 shows the uranium concentrations in water and solid samples in the coal 154 mining area. The uranium concentrations in all water samples were above the DL of 155 0.0055 µg L -1 . Among them, ground water samples showed higher uranium 156 concentrations, which are about 5-fold higher than the drinking water provisional 157 guideline value (2.0 µg L -1 ) issued by the WHO in 1998 (WHO, 1998 , but lower than 158 the increased provisional guideline values of 15µg L -1 (WHO, 2003) and 30µg L -1 159 (given by its chemical toxicity) (WHO, 2012) . In contrast, the uranium concentrations 160 in river water samples were measured to be lower than the drinking water guideline of the study subjects in the coal mining area. Uranium levels in the 38 hair samples 171 ranged from 22.2 to 634.5 ng g -1 with a mean value of 156.2 ng g -1 (Fig. 1) . 42.1% of 172 all the participants in this study were shown to have values of 50-100 ng g -1 , followed { PAGE \* MERGEFORMAT } by 18.4 % ranging between 100-150 ng g -1 (Fig. 2 ). In comparison with other studies 174 where the uranium content in hair was determined, the range and mean concentrations 175 for the whole study subjects were significantly higher than the range and mean values 197 In order to evaluate whether significant differences existed between sub-groups 198 such as males and females, age groups, and workers and residents, the non-parametric 199 statistical method (Mann-Whitney-Wilcoxon distribution) was used to determine the 200 differences between sub-groups. As shown in Table 4 , only very slight differences, 201 which were certainly statistically non-significant, were found between males and 2000) and Ting et al., (1999) found no significant difference between men and 206 women. Similarly, there were no statistically significant diffences found between 207 different age groups in our study (p=0.294, 0.655). These results show that there are 208 no sex or age dependent effects of uranium distribution in hair of the residents in this 209 coal mining area. Although workers have higher mean and median values than the 210 residents, the statistical difference is still non-significant due to the large variation of 211 the test data, implying that coal mining activities may not be the main cause for the 212 high uranium intake in people in this coal mining area. 
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Of all the volunteers in this study, 37.5% were found to have values lower than 100 ng 225 L -1 , followed by 25.0% ranging between 100-200 ng L -1 . In comparison with the 226 reference values of spot urine samples, the range of our study was much higher than 227 the ranges reported for unexposed subjects. As shown in Table 5 , Uranium 228 concentration in the general public ranged from about 4 to 57 ng L -1 (WHO, 2001) . L -1 , p=0.62), where soil is rich with phosphate rock and sand (Al-Jundi et al., 2004) . 233 This further confirms that the study subjects in this study area have been subjected to 234 continuous uranium exposure from ground water. However, uranium concentrations in 235 drinking water as well as water consumption rates may vary considerably over time; Fig. 4 shows the change of uranium concentration in urine with age, and the 243 correlation between uranium concentrations in both urine and hair of the same study 244 subjects. In general, Uranium concentration in urine fluctuates greater than uranium 245 concentration in hair and did not display a noticeable age-dependent effect with an 246 increase of age (5-75) (Fig.3) . This is because hair analysis reflects chronic exposure Table 5 464 Reference data on uranium concentrations in urine (ng L -) of occupationally 465 unexposed subjects from different countries: number (N) and age of subjects, mean 466 value, and ranges of urinary 238 U excretion are presented. LOQ is limit of 
